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Flux  =  k  Flux  =  k  αα ∆∆fCOfCO22

k  =  transfer velocityk  =  transfer velocity
αα =  solubility=  solubility

∆∆fCOfCO22 =  fugacity difference across the =  fugacity difference across the 
interfaceinterface



•• k = 0.31 Uk = 0.31 U22 WanninkhofWanninkhof 19921992

•• k = 0.17 Uk = 0.17 U (U < 3.6 ms(U < 3.6 ms--1)1)
k = 2.85 U k = 2.85 U --9.659.65 (3.6 < U<13 ms(3.6 < U<13 ms--1)1)
k = 5.9 U k = 5.9 U –– 49.349.3 (U > 13 ms(U > 13 ms--1)1)

LissLiss--MerlivatMerlivat 19861986

•• k = 3.3 + 0.026 Uk = 3.3 + 0.026 U33 McGillisMcGillis et al. 2001et al. 2001



Flux  =  Flux  =  kkss ( ( ααww fCOfCO2w2w –– ααss fCOfCO2a2a ))

kkss =  transfer velocity at the interface=  transfer velocity at the interface

ααww =  solubility in the bulk water=  solubility in the bulk water

ααss =  solubility at the interface=  solubility at the interface

fCOfCO2w2w =  fugacity in the bulk water=  fugacity in the bulk water

fCOfCO2a2a =  fugacity in the air=  fugacity in the air







Whitecap ContributionWhitecap Contribution

Bubbles, Enhanced TurbulenceBubbles, Enhanced Turbulence

WoolfWoolf, 1997, 1997

kkbbbb = V f = V f αα--11 1 + 1 + e e αα Sc Sc --1/21/2 --1/n1/n --nn

f  = B Uf  = B U3.43.4

V, e, n, and B are constantsV, e, n, and B are constants





















�� Tuning of the model coefficients to match Tuning of the model coefficients to match 
1998 flux data requires:1998 flux data requires:

–– SolovievSoloviev & & SchlSchlüüsselssel coefficient decrease by a coefficient decrease by a 
factor of ~3factor of ~3

–– WoolfWoolf coefficient increase by a factor of ~2coefficient increase by a factor of ~2



�� Different regimes with physics not adequately Different regimes with physics not adequately 

captured (simplified ocean physics)captured (simplified ocean physics)

�� Biological processes and/or surfactant effectsBiological processes and/or surfactant effects

�� Opposite direction of Opposite direction of ∆∆fCO2  ?fCO2  ?

�� More studies are requiredMore studies are required



�� Details to study:Details to study:

–– Does the model capture the physics?Does the model capture the physics?

–– Comparison with ETL/WHOI/RSMAS openComparison with ETL/WHOI/RSMAS open--path datapath data

–– Wave, whitecap, bubble, and surface parameterization Wave, whitecap, bubble, and surface parameterization 

adjustmentsadjustments

–– More Quality Data!More Quality Data!


